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Abstract: This article evaluated the functionality and reliability of the personal airborne equipment
backpack TL-98 before its launch in military parachute operations. An objective of this project was
the verification of the TL-98’s characteristics which could be important in terms of the safety of the
operation of the parachute, i.e., its functionality and reliability during flight and fall tests. A major
effort within this research was focused on the fall tests of the TL-98 in standard parachute operational
conditions. The strength of the backpack’s anchorage points (by which the backpack is attached
to the parachute harness) was verified by flight test, where it was dropped from the aircraft at the
maximum operating speed and at the maximum operating weight of the backpack; the backpack’s
maximum operating weight had been increased by multiplying the standard maximum operating
weight by a safety factor of 1.2. During the fall tests of the backpack, after its disconnection from
the parachute harness (during ground tests and the test during the test jump), the strength of the
backpack’s anchoring eye and the strength of the rope with which the backpack is connected to the
parachute harness were verified. Another objective of this research was the collection of information
to define the TL-98’s rope lifetime, which serves for the dropping of the TL-98. To fulfill this goal, the
impact forces on the rope during the backpack’s fall were measured using a force sensor. The values
of the impact forces were then calculated and compared with the values from the experiment. Using
experimentally obtained results and their comparison with the calculated results, the lifetime of the
TL-98 rope for parachuting operations was determined on the basis of predetermined criteria.

Keywords: personal airborne equipment backpack; fall/drop ground and flight tests; skydiving;
parachute; rope

1. Introduction

This project was conducted during the time that new parachute equipment was being
introduced into the Armed Forces of the Slovak Republic. Its objective was the verification
of the functionality and reliability of this personal airborne equipment backpack, the TL-98,
before its introduction into parachute operations as well as the acquiring of information
applicable to the definition of the TL-98’s rope lifetime. The rope is utilized for the dropping
of the TL-98. Due to lack of information about the influence of TL-98 falls on the rope and
the TL-98’s functionality and reliability, a program and method for the research activities
was elaborated. The newly collected information was applied by defining the TL-98’s
rope lifetime in the frame of its maximum number of uses in live parachute operations.
These specifications were added to the user manual for the TL-98 for the Armed Forces of
the Slovak Republic. Within the scope of the ground and flight research, we conducted
a search for the influence of force effects that stopped parachute TL-98 on the rope by which
TL-98 was anchored to a firm point (during ground tests) or anchored to the parachute
equipment (during flight tests).

The personal airborne equipment backpack TL-98 has been designated for the
transport of parachutists’ accoutrements and armaments during jumps from airplanes
or helicopters (Figure 1).
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The personal airborne equipment backpack TL-98 has been designated for the 
transport of parachutists’ accoutrements and armaments during jumps from airplanes or 
helicopters (Figure 1).  

 
Figure 1. Personal airborne equipment backpack TL-98. 

The backpack has been assigned for the transport of parachutists´ accoutrements and 
armaments after landing on ground or in water, and the backpack´s carrier unit was con-
structed for long-distance road marches as well. The backpack is anchored on the carrier 
unit of the parachutists’ equipment before a jump (Figure 2).  

 
Figure 2. Backpack TL-98 fastened to the OVP-80 parachute skydiver harness before jump. 

During the jump phase, which starts with the jump from the aircraft and continues 
until the parachute’s opening (free-fall included), it is necessary for the anchoring to be 
trouble-free and reliable, specifically in terms of force effects retarding the parachute’s 

Figure 1. Personal airborne equipment backpack TL-98.

The backpack has been assigned for the transport of parachutists´ accoutrements
and armaments after landing on ground or in water, and the backpack´s carrier unit was
constructed for long-distance road marches as well. The backpack is anchored on the carrier
unit of the parachutists’ equipment before a jump (Figure 2).
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Figure 2. Backpack TL-98 fastened to the OVP-80 parachute skydiver harness before jump.

During the jump phase, which starts with the jump from the aircraft and continues
until the parachute’s opening (free-fall included), it is necessary for the anchoring to be
trouble-free and reliable, specifically in terms of force effects retarding the parachute’s open-
ing. After the parachute opening and during the flight and descending phase, a parachutist
releases the anchoring system of the TL-98 backpack. Then the system performs a 4 m
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free-fall. The free-fall is pulled back by the rope and the backpack remains hanging under
the parachutist (Figure 3).
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The main object of this study was the acquisition of information about the influence of
the force effects of the discontinued fall of the TL-98 backpack on the objective rope. The
defined goal was to determine the rope’s lifetime in parachutist operations. The maximum
total weight of the personal airborne equipment backpack is 50 kg. The stopping of the
force impact power, which is generated during the free-fall, must be reliably absorbed by
the rope. In the context of this project, it was necessary to define the frequency of rope use
which ensures the rope’s reliability and reasonably eliminates the rope’s malfunction or
breakage during parachutist operations.

Several studies [1–7] were devoted to the issue of rope testing, but they are applica-
ble to mountaineering or to work done at heights using rope procedures. These studies
provide procedures for testing ropes and the results of their testing. However, testing in
this area is strictly regulated by standards, and in the European area these are, for example,
the standards for static ropes (EN 1891) [8], for dynamic ropes (EN 892) [9] or for auxil-
iary ropes (EN 564) [10]. Testing according to these standards can only be performed in
laboratory conditions and cannot be applied during flight or parachuting operations. For
these reasons, a procedure was developed for testing the rope in parachute operations
during parachute flight, and this procedure was also applied in ground fall tests. This
made it possible to compare the results from the fall tests obtained during the parachute
flight with the results from the ground tests. The developed methodology used during the
experiments is described in Section 2.

Section 2 identifies the materials used in the experiments and describes the experi-
mental methodologies. Section 3 presents the results of the fall tests from ground testing
and from the test jump. The theoretical calculation of the impact force during the fall
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tests is given in Section 4, including a comparison of the calculated values with the values
measured during the experiments. In the conclusion, there are predetermined rules for
determining the lifetime of the rope and the results of that process.

2. Materials and Methods

The controlled criteria for functionality and reliability for the purpose of this project
were defined as follows [11]:

• retain a failure-free fixing of the backpack onto the parachute equipment during
dropping from the aircraft, the parachute opening, and flight itself;

• failure-free disconnection of the backpack from the parachute equipment, stopping of
backpack’s fall by the rope, and the process of the parachute flight with the backpack
on the rope;

• failure-free operation of the parachute equipment, the anchoring points of the back-
pack, and the rope by a visual check of the fall test.

General procedures for mountain-climbing rope fall tests were considered in develop-
ing the method for the TL-98 backpack free-fall tests as well as for ropes used as a personal
protection tool for preventing falls in [1,2,8–10]. However, these procedures had to be
adapted to the test and to standard parachute operation as well to the test’s repeatability.

For the purpose of the fall tests, a 5 m long rope (of which 1 meter was used to tie the
knots) with a 6 mm diameter and meeting EN 564 standards was used. The manufacturer
guarantees the minimum tensile strength to be 7200 N. The type of rope for testing was
designed by the backpack manufacturer, taking into account two basic rope requirements.
The first was sufficient strength and the second was the smallest possible rope diameter
to take up as little volume as possible after being placed in the backpack. Therefore,
a rope meeting the EN 564 standard with a diameter of 6 mm was used in the tests. For
example, dynamic ropes meeting the EN 892 standard would be more advantageous for
the absorption of impact forces, but they are only produced with a larger diameter.

2.1. Rope-Fastening Procedure

During the flight tests the rope was fixed by a simple figure-eight loop on the back-
pack (Figure 4). The anchoring of the rope onto parachute equipment OVP-80 was fixed
by carabiners and a TSG-073 tensometric apparatus for strength scanning. In standard
operations, the rope anchored to parachute equipment OVP-80 is achieved by routing the
rope around the main ring strap with a simple figure-eight loop (Figures 5 and 6). The
final fixation of the rope was achieved with the carabiner, which was affixed with a few
simple figure-eight loops tied on the rope (Figure 7). The full procedure is illustrated in
the Figures 4–7. The procedure for anchoring the rope to the backpack during the ground
tests was identical to the flight test procedures. The other part of the rope was anchored to
the TSG-073 tensometric apparatus for strength scanning, and the tensometric apparatus
was anchored to the steel-concrete balcony construction (defined as the fixed point for this
project) with a carabiner [12].
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two simple figure-eight loops by the mountaineering carabiner.

2.2. Tensometric Force Sensing Device

For the measurement of the force impact values for the rope during braking and
the final stop of the free-fall of the backpack, a TSG-073 tensometric force sensing device
(Figure 8) with the following characteristics was used [13]:

• measuring range 0 N–50,000 N
• overload capacity 150%
• safety index 4
• measuring accuracy 0.1%
• number of measuring channels 1
• sampling 0.1 s–20 s
• memory maximum 25,000 values (25,000 measured force values)
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2.3. Ground and Flight Test Methodology

Six flight tests for this project (delivery of a test dummy) were performed without the
measurement of the force impact values. The backpack weight was 60 kg (the maximum
operational backpack weight of 50 kg was multiplied by a safety coefficient of 1.2). The
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strength of the backpack’s anchorage points (by which the backpack is attached to the
parachute harness) was verified in flight tests where it was dropped from the aircraft at
the maximum operating speed and at the maximum operating weight of the backpack,
which had been increased by a safety factor of 1.2. The tests of the backpack and rope
functionality and reliability were performed according to the controlled criteria presented
at the beginning of Section 2 (applicable for all tests in this project).

Apart from the above mentioned flight tests, 4 other fall tests were executed for the
measurement of the force impact values for the rope during braking and the final stopping
of the backpack´s free-fall. The backpack weighed 28 kg and the test conditions were
as follows:

• three ground fall tests (fall tests numbers 1, 2, and 3) were conducted whereby a new
rope was used in test number 1 and the very same rope was reused in tests 2 and 3.
The knots on the rope were untied and re-tied after each test;

• one parachutist jump test (Figures 9 and 10) with parachute equipment OVP-80 (fall
test number 4). A new rope was used for test number 4.
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During ground fall tests and the test jump, a weight of 28 kg was used; the weight was
limited by the maximum operating weight of the OVP-80 parachute for the jump, which is
140 kg (test parachutist 91 kg, main and reserve parachute 19 kg, backpack 28 kg, and force
sensor 2 kg, totaling 140 kg). Therefore, due to our requirement to compare the results
between the ground fall tests and the test jump, a backpack weight of 28 kg was chosen for
all tests and this weight could not be exceeded.

During this test, a device was used to activate the release of the backpack from the
parachute harness, which is primarily intended to verify the functionality of the opening
of the parachute container [14]. This device had to be slightly modified to perform this
test. The test parachutist cut the cord blocking the 3-ring system (the system used in
parachuting to attach and release the main parachute) by pulling the handle of this device.
After unlocking the 3-ring system, the anchor strap was released and the backpack began
to fall freely.

The measurement results of fall tests numbers 1, 2, 3, and 4 are recorded in Section 3.
These are the measurement results of the force impact values for the rope during braking
and total stop of the backpack’s free-fall. The force impact values were recorded in the time
range of 0.05 s. The length of the rope used was 5 m, whereby 4 m of the rope was used for
braking and total stopping of the free-fall (1 m of the rope was used for the binding knots).

3. Results
3.1. Fall Tests for the TL-98: Ground Testing
3.1.1. Fall Test Number 1

The rope was anchored with carabiner to the TSG-073 tensometric force sensing device
and the tensometric apparatus was anchored to the steel-concrete balcony construction
(for this project defined as the fixed point) with a carabiner. During braking and the final
stopping of the free-fall of the 28 kg backpack, the force impact values were recorded and
are inscribed in Table 1.

Table 1. Force impact values during fall test 1.

Time [s] Force [N] Time [s] Force [N] Time [s] Force [N] Time [s] Force [N] Time [s] Force [N]
0 10 0.9 3129 1.8 118 2.7 530 3.6 353

0.05 0 0.95 2766 1.85 265 2.75 324 3.65 402
0.1 10 1 1069 1.9 706 2.8 186 3.7 314
0.15 20 1.05 186 1.95 1099 2.85 196 3.75 294
0.2 10 1.1 10 2 932 2.9 255 3.8 245
0.25 10 1.15 0 2.05 687 2.95 284 3.85 167
0.3 10 1.2 0 2.1 451 3 255 3.9 137
0.35 10 1.25 0 2.15 167 3.05 235 3.95 157
0.4 10 1.3 0 2.2 39 3.1 255 4 245
0.45 10 1.35 10 2.25 10 3.15 304 4.05 353
0.5 10 1.4 10 2.3 29 3.2 334 4.1 402
0.55 0 1.45 0 2.35 69 3.25 314 4.15 383
0.6 0 1.5 0 2.4 137 3.3 294 4.2 294
0.65 10 1.55 10 2.45 226 3.35 245 4.25 235
0.7 20 1.6 49 2.5 265 3.4 167
0.75 29 1.65 167 2.55 294 3.45 137
0.8 491 1.7 235 2.6 383 3.5 157
0.85 1884 1.75 167 2.65 530 3.55 245

The fall stopped at 0.9 s, when the first maximum force impact value was recorded
(3129 N). At this moment, the backpack was tossed upwards by the upward direction of
the force of the rope’s elasticity and its second fall then started from a lower level at 1.5 s
in the time sequence. This fall stopped at 1.95 s when the second maximum force impact
value (1099 N) was recorded. The third maximum force value (530 N) was recorded at
2.65 s in the sequence. Consequently, the backpack still underwent several up and down
movements until finally settling.
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3.1.2. Fall Test Number 2

The fall stopped at 0.8 s when the first maximum force impact value (3816 N) was
recorded. At this time, the backpack was tossed upwards by the upward direction of the
force of the rope’s elasticity, and at 1.7 s in the time sequence, the backpack began its second
fall from a lower height. This fall stopped at 1.95 s, when the second maximum force impact
value (1452 N) was recorded. The third maximum force impact value (697 N) was recorded
at 2.75 s in the time sequence. Consequently, the backpack still underwent several up and
down movements until finally settling.

3.1.3. Fall Test Number 3

The fall stopped at 0.75 s when the first maximum force impact value (3626 N) was
recorded. At this moment, the backpack was tossed upwards by the upward direction
of the force of the rope’s elasticity, and at 1.6 s in the time sequence, the backpack began
its second fall from a lower height. This fall stopped at 1.9 s, when the second maximum
force impact value (1207 N) was recorded. The third maximum force impact value (687 N)
was recorded at 2.65 s in the time sequence. Consequently, the backpack still underwent
several up and down movements until finally settling. Comparison of force impact values
is presented in Figure 11.
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3.2. Fall Tests for the TL-98:Flight Testing during the Jump of the Test Skydiver

The rope was anchored to the polyamide strap of the carrier equipment of parachute
set OVP-80. The backpack was released during the descending parachute phase at a vertical
speed of approximately 5 m·s−1. During the braking and final stop of the 28 kg backpack’s
free-fall, force impact values were recorded and are inscribed in Table 2.
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Table 2. Force impact values during fall test 4.

Time [s] Force [N] Time [s] Force [N] Time [s] Force [N] Time [s] Force [N] Time [s] Force [N]

0 20 0.9 1501 1.8 500 2.7 294 3.6 245
0.05 10 0.95 608 1.85 255 2.75 451 3.65 235
0.1 0 1 108 1.9 98 2.8 569 3.7 334
0.15 0 1.05 0 1.95 39 2.85 481 3.75 353
0.2 20 1.1 10 2 39 2.9 608 3.8 284
0.25 29 1.15 10 2.05 78 2.95 255 3.85 226
0.3 29 1.2 10 2.1 128 3 265 3.9 235
0.35 10 1.25 10 2.15 167 3.05 255 3.95 284
0.4 10 1.3 10 2.2 245 3.1 245 4 314
0.45 10 1.35 10 2.25 422 3.15 284 4.05 284
0.5 10 1.4 20 2.3 618 3.2 334 4.1 245
0.55 10 1.45 88 2.35 618 3.25 353 4.15 235
0.6 10 1.5 304 2.4 422 3.3 284 4.2 255
0.65 20 1.55 520 2.45 235 3.35 226 4.25 255
0.7 137 1.6 520 2.5 137 3.4 235
0.75 785 1.65 461 2.55 108 3.45 284
0.8 1776 1.7 559 2.6 137 3.5 314
0.85 2080 1.75 647 2.65 196 3.55 284

The fall stopped at 0.85 s when the first maximum force impact value (2080 N) was
recorded. At this time, the backpack was tossed upwards by the upward direction of the
force of the rope’s elasticity, and at 1.75 s in the time sequence, the backpack began its
second fall from a lower height. This fall stopped at 1.75 s, when the second maximum
force impact value (647 N) was recorded. The third maximum force impact value (618 N)
was recorded at 2.75 s in the time sequence. Consequently, the backpack still underwent
several up and down movements until finally settling.

4. Discussion

The force impact value after the discontinuance of the backpack’s free-fall depends
on the kinetic energy mass which the backpack is losing and the trajectory from which
the loss originates. The force impact value after the discontinuance of the free-fall can be
defined as [15]:

F =
Ek
s

=
m·v2

2·s (1)

where:

F—force impact [N]
Ek—kinetic energy [J]
s—trajectory, on which the retardation of the backpack originates and achieves zero speed [m]
v—speed at a time of the retardation starts [m·s−1]
m—backpack weight [kg] m = 28 kg

The free-fall speed of the backpack at the moment when the stretched rope turns and
starts to retard the backpack can be calculated by a function (valid for the cases with no air
resistance, which could be neglected with regard to a 4 m free-fall height):

v =
∫ t1

t0

g·dt = g·
∫ t1

t0

dt (2)

v = g·[t]t1
t0
= g·[t1 − t0] (3)

where:

v—speed at a time of the retardation starts [m·s−1]
g—gravitational acceleration [m·s−2] g = 9.81 m·s−2

t—free-fall time [s]
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If t0 = 0 then t = t1 and the free-fall speed of the backpack at the moment when the
rope gets stretched and begins to retard the backpack, then we can calculate by a familiar
function (valid for cases with no air resistance, which could be neglected with regard to
a 4 m free-fall height):

v = g·t (4)

The free-fall period of the backpack anchored by a 4 m rope was experimentally
discovered during the fall tests and its value is 0.65 s. The trajectory on which the retardation
of the backpack starts and achieves zero-value speed was determined by following the
rope producer’s declaration of a maximum extension of up to 5%. Since the free-fall of the
backpack can be discontinued by the 4 m long rope, then the retardation starts from the
0.2 m section. (This is relevant for fall tests numbers 1, 2, and 3, which were performed
from a fixed point). In the case of free-fall test number 4, a part of the kinetic energy
was absorbed by the polyamide strap of the carrying gear of the parachute set OVP-80.
Thus, based on an expert predetermination, we can estimate that the retardation started
at the 0.3 m section. Based upon the presented relations and assumptions, the value of
the calculated force impact during the fall tests of the backpack from the fixed point F1
(retardation on the 0.2 m section) is:

F1 =
Ek
s

=
m·v2

2·s =
m·(g·t)2

2·s =
28 × (9.81 × 0.65)2

2 × 0.2
= 2846 N (5)

The value of the calculated force impact during the fall tests of the backpack from the
flexible point (retardation on the 0.3 m section):

F2 =
Ek
s

=
m·v2

2·s =
m·(g·t)2

2·s =
28 × (9.81 × 0.65)2

2 × 0.3
= 1897 N (6)

Maximal force impact values, measured at the time of the fall in test numbers 1, 2,
and 3 (average value 3590 N) are similar to the calculated force impact value of F1 = 2846 N.
Moreover, the maximum force impact value measured during fall test number 4 (2080 N) is
similar to the calculated force impact value F2 = 1879 N. The values measured in this way
can be considered correct with the accepted simplification that the length of the rope and
its calculated elongation were used in the calculations. It would be more accurate to use
a center-of-gravity shift in the calculations. However, measuring the shift in center of gravity
in fall tests (especially flight tests) is difficult to implement. Therefore, the calculations
were performed with the accepted simplification. This argument makes provision for the
fact that the calculation of the force impact is significantly influenced by the length of
the section on which the retardation is performed. Additionally, as ascertained above,
the lengths of the sections were determined as approximations only. Determination of the
force impact value by the calculation must be compared with the experimentally measured
result because the length of the section on which the retardation occurs has a significant
influence on the calculation results. For a sufficient dimensioning of the rope in terms
of parachutist operational safety, it is imperative to make provision for experimentally
achieved force impact values.

Upon comparison of fall test numbers 1, 2, and 3, which were performed from a fixed
point with the same rope used, the test results can be explained as follows. By increasing
the number of falls, the rope loses its capacity to absorb the fall power and the force impact
values gradually increase. The above mentioned reduction in the rope’s dynamic effects by
the cumulative number of falls has been documented in [3–5] too.

The three highest maximal force impact values achieved during fall test numbers 1, 2,
and 3 are recorded in Table 3. Recorded numerical values clarify the increase in the force
impact values by the increasing number of falls. Even though the rope was anchored to
the fixed point (in significantly adverse conditions in comparison with the flexible point of
live parachutist operations), the producer’s guaranteed minimum tensile strength was not
exceeded anyway. The minimum tensile strength was defined as 7200 N. The presented
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values in the first maximum force impact values did not exceed even half of the producer´s
guaranteed tensile strength [11].

Table 3. Comparison of the three highest maximal force impact values during fall tests.

1st Maximum Force
[N]

2nd Maximum Force
[N]

3rd Maximum Force
[N]

fall test 1 3129 1099 530
fall test 2 3816 1452 697
fall test 3 3826 1207 687

Comparison of the force impact values during fall test numbers 1 and 4 are shown in
Figure 12.
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A new rope was used for both tests. This comparison illustrates the ability of the fall
power to be absorbed by the rope fixed to the steel-concrete balcony construction (defined
as the fixed point for this project) in comparison with its installation into the polyamide
strap of the carrying gear construction of parachute set OVP-80 (the flexible system). These
tests confirmed the prediction that the absorption of the fall energy by the rope anchored to
the elastic system of the parachute gear on a human body (compared with fixing it to a fixed
inelastic point) are be more effective, and the force impact values achieve lower figures in
this case. In numerical terms, there was a decrease in the maximal force impact value by
approximately 30%. A favorable influence on the reported matter has been affirmed by the
fact that the backpack fall is retarded and stopped by the rope installed onto the parachute
set, which descends by a vertical speed of approximately 5 m·s−1 [11].

5. Conclusions

The ground and flight tests of the backpack TL-98 confirmed its functionality and
reliability according to the definitions mentioned in Section 2. In terms of safety, the trouble-
free backpack fixation on the parachutist’s gear during dropping from an aircraft, parachute
opening, and parachute flight itself were affirmed. The trouble-free backpack release off
of the parachute gear, the stopping of the backpack’s free-fall by the rope, and parachute
operation with the backpack hung on the rope were also confirmed.
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For reasons of defining the rope’s operational life, one that retards and stops the
backpack TL-98’s fall, the below mentioned principles were defined:

• the measured force impact values for the rope must not exceed 50%, even in a single
case, of the values of the tensile strength guaranteed by the producer;

• all the fall tests must preserve functionality and reliability (in terms of the definition
presented in Section 2);

• in the case when two of the above mentioned conditions have been met, then the
rope’s lifetime for live parachutist operation can be defined in the form of the max-
imal number of rope disposals (the maximal number times retarding and stopping
TL-98 backpack free-falls) and as follows: the number of flight tests (the test dummy
deliveries) without a measurement of the force impact values of a 60 kg backpack (the
50 kg backpack´s maximal operational weight multiplied by the safety quotient of 1.2)
while preserving functionality and reliability according to the controlled characteristics
multiplied by 10.

Six flight tests were performed in the range of this project and resulted in the conclusion
that serviceable use of the rope in live parachute operation can be assigned for up to
60 applications [11].

The tasks included in [6,7,16] became basics for elaborating the procedures to define
the retarding and stopping in the TL-98 backpack rope’s lifetime. The operational life of
a rope is generally considered as an abstract question. It is difficult to define a rope’s exact
operational life. Ropes with a lifetime of 10 years are also currently available. However,
in the case of free-fall capture with a higher value of the fall factor, manufacturers generally
do not recommend further use. The value of this fall factor varies from manufacturer to
manufacturer and ranges from approximately 0.5 to 1.5. Of course, it is also important
whether the rope was stressed over a sharp edge. Rope lifetime can be specified only
approximately. It depends on many factors, such as the forms of utilization, rope type, care
of the rope, its storage, climate conditions, etc. The number of successful fall retardations
and stops, rope use, and age can all degrade a rope’s ability to retard and stop a fall [6].

6. Patents
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